Abstract -We consider multi-antenna systems employing space-time coding over quasi-static Rayleigh fading channels. We prove that by selecting a subset of the antennas t h a t observe the largest instantaneous signal-to-noise ratios (SNRs) at the receiver one can achieve the same diversity order as the full complexity system, provided that the sub-channels are independent and the underlying space-time code has full spatial diversity.
I. EXTENDED SUMMARY
The capacity and performance of a wireless communication system can be significantly improved by employing multiple antenna elements at the transmitter and/or the receiver. However, multiple antenna systems have a drawback of increased cost and complexity due to the need for multiple RF chains required at the receiver. A promising technique to reduce this cost and complexity is to perform antenna subset selection at the transmitter and/or receiver [l, 
21.
We consider a single user communication system where the transmitter has M antennas and the receiver has N antennas. We assume Rayleigh fading between antenna pairs and independent fading between sub-channels. We assume that the channel state information (CSI) is available at the receiver but not at the transmitter.
If the space-time code used is full rank, by selecting L out of N available receiver antennas that observe the largest instantaneous SNR, we can prove that the pairwise error probability (PEP) for any two codewords is upper bounded by The bound in (1) on the PEP implies that the multiple antenna system with receive antenna selection can achieve the same diversity order of N M as the full-complexity system if the underlying space-time code is full-rank. We note that for some specific cases, tighter bounds can also be derived. lThis work is supported by NSF Award CCR-0131855t and NSF CAREER Award CCR-9984237t. By using a lower bound on the PEP we can further show that the diversity gain obtained with the rank-deficient spacetime code reduces to Lr from N r . Note that this is a direct result of the selection criterion adopted, and may be different if optimal selection is used [l] .
The derived bound(s) on PEP also provide design criteria for space time codes when antenna selection is employed at the receiver. The space-time code design rules for receive antenna selection can be summarized as
To have the maximum diversity gain M N , the rank of B for all codeword pairs should achieve the maximum value M , i.e., rank(B) = M .
To have the maximum coding gain, the value of the coefficient in (1) must be minimized for all codeword pairs.
The performance for an exemplary space-time code (with an 8 state trellis and 4 PSK constellation) designed for M = N = 2 is shown in Fig. 1 in terms of the frame error rate (FER). We observe that the coding gains of both the new code, and the corresponding Tarokh's code ( [3] ) for the fullcomplexity system are very similar. However, for the system with antenna selection, an improvement of 0.7 dB is obtained the system with antenna selection.
